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‘NOTICE

This. data shall not be disclosed outside the Government or be dupli-
cated, used or disclosed in whole or in part for any purpose other than to
. evaluate the proposal;provided, that if a contract is awarded to this offeror
--as a-result of or in connection with the submission of such data, the Gov-
- ernment shall have the right to duplicate, use or disclose this data to the
- extent provided in the contract. This restriction does not limit the Gov-
~ ernment's right to use information contained in such data if it is obtained
from another source.” (March 1958)
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CHAPTER 1

INTRODUCTION

OBJECTIVES

During the past nine months a completely new approach in viewing the problem
of image analysis has begun. And the results of this effort have already uncovered
and specified significant problem areas that the community were generally unaware
of. For instance, the new understanding of the effects of coherence on imaging
systems in general has led to the necessity for a complete reappfaisal of the inter-
pretation of the data obtained using these systems. Criteria can now be stated for
the range of validity of linear systems analysis procedures as applied to a number
of system types. The next step, of course, is to make positive use of these
étudies to (1) evaluate current procedures, techniques, and systemé, and (2) to
suggest and incorporate new procedures and redesign systems to improve the

reliability of data extraction.

While it Iis our primary purpose to develop a more fundamentally sound image
theory and apply it to the exploitation of high resolution transilluminated photo-
graphy, it must be remembered that there are pressing problems which need to be
solved now. Our work to date has established a range of validity of current theory.

More precisely, we have not found the upper bound on this theoryJ but we are con- )

@ﬁeffe’f’dtiiéﬁ;é‘}’(ﬁosurLe,and,,vfi_lm_MTF even though 6ur basic_study shows thatthese ]

“.concepts are not_extendable to higher line fréquenciesy In this way pressing

problems can be treated even as the theory is being developed.

anGhesmzingpurposerofathissprogramysgosmprovexthexSenterysicapabilitysofusmn
g, TdingIaAbet terRunde retandingJorel m ag 6K o M a tionian R

providing

s mprovedlexplol tationiprocedureslandhinstrumentations Toward this end, two™
things must be considered:
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1. The detalled relationship between our proposed program and the

various missions of NPIC

2. The detailed.relationship between the various aspects of the image

formation and exploitation process and our program.

| The first of these relationships is discussed at length in our Task 1-b report on
| the current phase of this program. For security reasons that report cannot be

| ‘ repr_oduce’d here but is included by reference and should be read by those interested

in seeing the ‘relationship between this program and the Center's mission. That

report also discusses at length some of the classified instrumentation and develop—

ment problems to be considered in this program. In discussing the second relation-
ship, it is convenient to divide image exploitation in several broad categories and

to consider each separately:

1, Collection_)

|
|
|
\
|
|
a, camera systems
|
\
\
\

b. film systems

(.__2._.Proc essmg_J
.a. preparation of the or 1g1na1 negative emulsions (ON)

b. preparation of the duplicate positive emulsion (Dupe)

3. Viewing_
* a. light tables and auxiliary optics
‘ g -b. projection \
! : - "L _4._Mensuration—

‘a. . machine

o ¢ a e -

b.. visual

E._5.-_D1agnost1§§—_jj

a., camera system malfunctlons

b

v'b.' photographic problems
6 Color——— )

a. conventional

b. TOC and spectral zonali

\-—:—7.—--Su.pptht-,of;cher.,N_RIC.b.;:ogra-m—s——J

19 ‘ ' } 25X1
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COLLECTION

For the most part collection problems lie outside the domain of NPIC's interest

and, therefore, the collection problem centers only peripherally on our program,

\__subsystems,_it is 1mperat1ve that the theory we_develop_be_broad enough to encom~ |

2§ AL

[__pass_such.considerations_as_they_affect image quality_and exploitation.} Thus, for

example, a part of the | study is a consideration of the thermal 25X1

sensitivity of certain lens design configuration of interest in the collection system.

This pbint is discussed in Task 1-b report.

The film type for the collection system is rather firmly established. Once

again, however, as our film studies progress each new concept or technique de-

veloped will be used to re-examine the question of whether the film type can be

further optimized.
PROCESSING

The method of film processing and the selection of processing chemicals can

have a significant effect on the usefulness and interpretability of the finished
product; furthermoré, the processing chemistry and technique can have a direct
influence on the applicability of a given theory of image for'mation'as applied to the
.photographic process. Accordingly, a major portion of our four year program is

devoted to this topic.

Broadly, our plan is as follows. f]}y preparing _model emulsions_of gradually}

. J N
N Id

- [(ificreasing_sophistication,. in_which.each.of.the_photographic_parameters. is_system- }
atically-varied—we hope to-develop & basic. theoretical relationship between the |
C,,,uemuls1on_.panametersa(such:a;sjg‘e1gt;n.type,,_grain-s,}z.eldls,tmbutmn,,_mgr,;MgLJ
c—and-sensitization) and-the structure of {the final-photographic image.7 This funda-
mental s.tudy,'will be conducted by ‘ ‘using their 25X1

.

emulsion and developer formulation facility and the precision electron microscope
techniques. The model emulsions and developers prepared byzwill be 25X1
supplied to the subcontractors for use in the phenomenological studies being

pursued there.

:

25X1
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L__.Thes,e.s,’cudies_a.nd_the.‘cheoryﬂ.developed;willnbe.atppliedubof.h-to.-the-proeess-i-ng-——-_J
{__of the ON and to_the understanding_of the Dupe.problem; r"that is,_the problem.: of
L,_gramg&gram duplication) It is hoped that during the third and fourth years of the

program these studies will lead to improvements. in the design of processing formu-

lations and equipment as well as the development of optir_nized‘films.

In addition to this fundamental or mechanistic approach to the formation of an
image theory for the photographic processr'two MOTE PTrOgNostic_Or phenomenologi=
chal-approaches.to‘deve10p1ng‘suchla.theorﬁy.ar.e‘belng.pursuednbﬂ ‘

q E];’he two approaches are analogous to a thermodynamic
description of gas pressures, whereas the fundamental study is similar to a
molecular description of the same phenomena, @ Fthe.pointkof___]

Qx_/iew«ad(ﬁted'is'that'the*r'e‘latlonshrp‘betwgen"expds1”n*g*llg‘ht'd1‘stf1bﬁtlon'aﬁ‘d’fﬁ“lt‘j

{ing transmission is_best described as a nonlinear f11ternTg7and that the techniques

of nonlinear stochastic analysis may be used to develop useful relationships even

if the mechanisms are not fundamentally undefstood.(" AN alternate phenomenologi=__J
{"c¢al approach being pursued aﬂ‘ bs*to"assum@‘th'at'fun‘d‘am'entai‘lyj
Cthe-photographic image-is acollection of developed grains.y Therefore, by study -
ing the statistics of the photographic grain one should be able to discover the sta-
|

tistical invariants which form the basis upon which to build an image theory. . (For
example, resolution should be predictable from a study of the grain statistics. )

' VIEWING

| Viewing the final image is without question the most important part of the
problem from NPIC's point-of-view and will therefore be given major emphasis.
‘As pointed out in our Task 1-b report, the most characteristic description of the-

Center's viewing problem is "exploitation of high resolution transilluminated first

-positive transparencies. " LAs_suggested_ in our_original proposal.and_substantiated 7

(Cin_our_studies thus far, this situation’is_fundamentally-a-different-image-formation—
(__.problem.than that.of the taking system._ The coherence of the illumination is a
problem of the viewing system but not of the taking system.

[

'At we are studymg, in depth the nonlinear imaging properties of
systems employing partially coherent light. The theory of partial coherence is

‘being extended and applied to the descrlptmn of transilluminated imaging systems

14
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from tube magnifiers to microdensitometers. It is hoped that as such systems

-.‘ -

are better understood and the theory is made more complete the design of these
exploitation instruments can in¢orporate optimized light sources and condensing

systems so that the coherence problems are minimized or eliminated.[” This_part_7

| (“of the program is_progressing rapidly,_and it is_felt that by next year_this_theory ]

{ will result_in significant changes_in the design of viewing instruments} Further,

the study of the coherence in the microdensitometer illumination chain should be ‘

completed within the scope of the first year's programs so that-its results can

influence microdensitometer design in the following year.

Reélizing that coherence effects can never be eliminated at extremely high

line frequencies:j &)art of the program includes_a_study_of.the__] 29X1

(Cinfluence.of partial coherence_of the design of optimum lens _systems_for_viewing } |

{Linstruments.} Since a significant portion of NPIC's procedure involves the use of
stereo imagery, the coherence effects in this viewing situation should also be : N}‘
|

examined in depth to ascertain whether the illumination considerations are the

-‘ - .
>

same as for two-dimensional imagery. Another aspect of the viewing problem is

image restoration and other image processing techniques such as the IDT analysis. Q |

We feel that our understanding of these problems has already progressed to the : g .
N)

N

YW

v

point that practical restoration problems can be undertaken. -
, N
MENSURATION b@’
: argeipercentagesoihephoto— 3~ Q
¥ On the basis of that

\
briefing, we initiated a special task involving| land the personnel 25X1 }

of AFSPPF at Westover to study the factors affecting mensuration accuracy in both

the ON and Dupe material. This study invblves laboratory generated material and |

mission material. In particular {machine mensuration_(using_a microdensitometer)_ ‘

(Cis_being_compared.with.visually.read.mensuration_(using_cross_hairs_and a.micro-__]

{__scope)_in a_study_involving only targets for which object truth is kKnown. ) This study

involves collecting a large number of data points over the next six months and is

ap a8 @

already showing significant results. We expect to be able to make specific recom-
mendations by the end of the current phase of the program and to implement them

in later phases.

1-5 25X1
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DIAGNOSTICS

W DIEE oS tiCSYintim ag clanalysisldescribeskihclprocessiotlisolatingdanaliden ity s

ingdsy.stemidifficultiesibyfexamining

feYoutputloffanyimaginglsy.stemms This problem
area is not specifiéally within the mission of NPIC and consequently plays a minor
role in our overall program. However, the theory being developed is applicable to

this problem area and, therefore, we are including such studies peripherally.

25X g

7

¢
an ok e

N .

SUPPORT OF OTHER NPIC PROGRAMS

mmhrough constant liaison we are supplying what support is possi-
ble in these areas, and we expect this part of our program to be_éome more im-
portant as fime goes on. At present we are, of course, difectly' involved in the
Automatic Target Recognition program and are making arrangements to provide
consulting, model emulsions; t'argets,. and measurement techniques to the Human

Factors Program.
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CHAPTER 2

NINE MONTH PROGRAM AND CONTINUATION

SECTION A CHEMISTRY AND OPTICS

25X1

CHEMISTRY

Four Year Goal

i w2 mmhmewmpmﬁﬁmugmﬁlﬁmg_progmm s
WWWWﬂth%memﬁrﬁﬂﬁhoﬁﬁ

—sgraphic-emulsion-itself—thé-procediresTised o proCesE it and the-1mage-quality
| ot~ FESU TNt prOCe SN EHISion S0 tHat Tt Pataly '@%ﬁﬁﬂ?*ﬁ%pbsaggrj
1 Processing . procedures usedﬁtmmﬁrtﬂ‘ﬁ?@mmﬁﬂm‘ﬁ
M”‘mﬁmﬁm“mrs*sgﬁm‘jmmatéﬁal‘s’@an*t?é‘“sﬁ‘bmﬁted*to*ﬂfé*Sﬁﬁnsm _
C__Tfhe-Sponsorcan_betterundersiand higTimage quality problems insterms of theemul=————7
T sion.and processing parameters..>

By emulsion param‘eterswe mean those Such as:
1. Grain size distribﬁtion (GSD)
2. Grain morphblogy (type of crystal)
3. Emulsion coverage (coating weight)
4. Emulsion thickness
5. Ty{oez of sensitizati‘on (including spectral sensitizationj.
By processing procedures we meaﬁ development and fixation as they affect:
1; Developed charécteristics as a-funcﬁon of line frequency

2. Image quality as a function of 11ne frequency and deve10ped
~ density

3. The relationship between the grain size distribution of the
receptor emulsion, and the opaque area and structure of
the developed emulsion grains.

2-1 25X1
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By image quality we presently mean the behavior of the emulsion with respect
to MTF, AIM, granularity, and 3-bar resolution criteria; the ab111ty of an original
negative emulsion. (ON) to be duphcated the ability of a duphcate to be observed

and other criteria to be developed on other phases of the program,

By the térm emulsion we mean two specific emulsion types: the original
negative emulsion (ON) type,. which is to be exposed by a lensing system and used -

as a-master for duplicating; and the duphcate positive emulsion (Dupe),” which is to

- K ' - - - X ‘ ’ ﬁ/

be exposed by contact from the ON and used for image interpretation as a positive

transparency over a specific range of image magnification,

Our experimental procedures will be those of emulsion fabrication and coat-.
ing, study of GSD .and developed image: structure. by optical and electron m1croscopy,
‘and evaluation: of image quality by up- -to-date experlmental methods.

rz._;W‘ere1;e,ve.tha,t.the.results‘otdou1:-1our--yeapprogram-mlll-alppearAn«three-Iomns =

- { An explanation of 1mage~quahty&behav10r,(of both_the ON‘____\
( and Dupe) as a function of imagery Source, of _of density, and A
- {__of line frequency, in terms of emulsion and processing ]

arameters ,=50 that limits.and.expectations.for_system
{ ag quahty can.be estabhshed by the Sponsor,___._:

\

| Cz' 'E_hmt“’fun' ctiondl relationships.between.thie-pertinent. emuI-.'J
! ‘ ‘ Casmn.pa.ra.meters and.an_appropriate. 1mage theory_____}
|
|

CZ3 _.A.numbepot_spe0111c‘suggestlons‘mutne_torm‘oLnew.emul‘_.—J
' “——sions—new-processing-procedires,-or-new_observational>
\__procedures_that will_.improve_the overall 11_quality of per- 1
Egormance .of_the_Sponsor's. missions,_perhaps 1aps_in_specific———>
Tanges.of density_ or line Irequency,.in.the improvement of .7
{_image_quality_assesSment.criteria,_or. in.overall’i imagery-
C_performance 7 o R —

"~ Proposed Program

The’four year Chemistry Image Evaluation program is presently concluding
Phase 1 of 9 months. which will terminate 1 April 196'7; We shall first briefly
describe the attained and expected accomplishments of this program. The proposed
Phase 2 continuation of this program, tov extend from 1 Apﬁl 1967 to 1 January 1968,
will then be described. Finally, a general description of Phase 3, te extend from
1 January 1968 into 1971 and to accomplish the goals stated above, will be discussed.

2.2 | | 25X1
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- Phase 1 (July 1966 - April 1967)

Accomphshments — One goal of the chemlstry program is to obtam an under-

standmg of the relat10nsh1p between the original GSD of a controlled series: of photo-

graphic emulsions and the developed GSD, as this change may pertain to image

quality. The experimental methods used in achieving this goal are those of controlled

emulsion preparation and coating, and the use of optical and electron microscopy.
Other goals of Phase 1 are to obtain data on existing films of interest to the Sponsor
and to establish image quality procedures to be used on existing and experimental

emulsions.

Photographic emulsions of known crystallographic grain size and of narrow
grain size distribution (uniformity of size), with known and controlled gelatins, have
been, and are being, prepared by controlled preparation procedure. (The only

variable in these first emulsions has been grain size.): Some of these emulsions

have been submitted to‘ ‘for granularity measurements as part

of their theoret1ca1 program, All characterlstm curves, GSD curves, and image

quahty parameters are being measured at and the data supphed to

Model emulsions, prepared as described above, have been exposed and"
developed under controlled conditions to determine the relationship between un-
exposed and exposed GSD curves and the maximum average grain areas. (Later
in the program they may be exposed to varying densities at various spatial. fre-
quencies, to edges, or to bar targets. The developed silver will in aii cases be
observed in the electron mlcroscope and we shall attempt to relate image structure
with emulsmn parameters. We shall study theories of image quality, based on

granularity, using these controlled emulsions for experimental varification,)

Electron microscopy experimentation has been a major task. Presently, the
microscdpe is operating and sample preparation is under study. For exa.'lrxi"ple, the
undeveloped grains can be observed by direct or indirect replication, while the de-
veloped silver can be observed direc_tl.y. The observation of film cross sections

may be possible by using microtome methods with or without replication.

2-3 .
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‘ Accomplishments of Phase 1 as of December 1966 comprise the following,

| We have prepared emulsions whose grain structure is octahedral (triangular and

hexangular platelets) and cubic, and our choice of grain size has been established

A

as cubic, We have obtained well-defined grain size distribution, using the double-
jet precipitation method, and have established GSD curves for all emulsions )
prepared. A series of developers has been prepared that show small large, and

- clumped developed grains, and a relationship has been established between develop-
ed and und'e've-lop‘ed grains for a monolayer emulsion of known GSD. We find that
the ratio @ of the GSD maximum for developed to undeveloped grains, ¢d/ou = o,
increasés with developed density, indicating a loss of image quality at high density,
~indef)éndént of the scattering of the inéoming light, -The theory of emulsion cover-
age has been investigated in so far as this affects the preparatmn of the model
emulsions,

In cooperation with %Ne are studying the prediction of the 25X1

resolution limit of a film based on the measured granulaﬁty, using our model
emulsions for the experiments. We have studied the possibility of calculating, via
a computer program, the recording of an edge on photographlc f11m taking into

account only the hght scattering through the granular layer.

We have also obtained characterlstlc and image quahty data on films 3404,
8430, and 5427, so that the parameters of these films can serve as:a guide to our

experimentations on model emulsions.

Expected Accomplishments by the End of Phase 1 — Our principal éxperi—

men'té.l, goalvf'o'r the end of Phase 1 is to develop our electron microscope and

image evaluation "méth'ods to the point that we can observe and study model emul-
sions in the 3404 film class. This will allow us to extend our present observations
on goaii'é'e' gréined emulsions into the range of fine grain emulsions where we
ekpect little difficulty in.establishing' coating and thickness measurement techniques
by the conclusion of the program. We expect also to have well established our
series of controlled emulsions and processing procedures, which will allow us to

. pursue our logical plans for image evaluation studies.

2-4 ' ' 25X1
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Phase 2 (April 1967 - January 1968)

In Phase 2 we plan to COntihue in depth our studies of image quality on the
ON and to initiate our studies on the image quality problems of duplicé.tion. - We
shall first describe some details of our proposed studies on model ON emulsions
and will then go on to a description:of proposed work on the duplicvation emulsion
(Dupe). - - | | |

ON Model Emulsion Studies — In Phase 2, our experimental methods will be

. those described on p.2-2 ; emulsion and developer preparation, electron microscope

observation, and image quality measurements will be based on edge trace MTF

analysis, AIM curves, and granularity. The specific subjects to be studied will

| include:

1. Contribution to image quality of emulsion thickness at
constant GSD and processing conditions

2. Contr1but10n to image quality of coating weight
(mg/cm ) at constant emulsion thickness

3. Characterlstlcs of the developed grain as a function
of exposure and depth in the emulsion layer

4, Developed grain size as a function of the dlstnbutlon
of latent image centers

5. Contribution of development to the spread function

6. Other topics that may derive from the above work.

Item 1. Our coating facility will enable us to produce a series of emulsions
in which the film thicknesé can be varied from a monolayer grain coverage up td
about twenty grain layer th1cknesses Such a wide range should allow us to go
through the thickness ranges found in commercial emulsions of interest to the
Sponsor. Moreover, all other parameters — GSD, grain morphology, and if

possible coating weight — will be kept constant.

The reéulting films will be exposed at various levels and the MTF and AIM
curves will be derived. Electron microscope pictures of microtomed sections should

reveal the depth and distribution of the developed grain. fT'he;key,problem . we wish to 1

'study:here’is?

the.degree of degradation of the image_that may. occur_in the depth of the 7

®Femulsiont—

o5  25X1

Declassified in Part - Sanitized CopyvApproved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

SECRET




Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

Item 2, A parallel series of experiments will be conducted where the emul-
sion coating weight is varied at constant emulsion thickness. This could be achieved
'by variation in the concentration of chrome alum, glyoxal, or mucochloric acid
added just prior to'coating. In a first series of experiments the mean ~ihtergrain
distanée can be held constant and large. This would eliminate much of the variation
due to developrrient adjacency effects. It also would preserve the forrh of the scat-

A tering' ‘c‘:om.vponent of the Spread function. It would then allbw the Spréad to be |
exaniihgad_ purely as a function of depth of the image since this varies with developed
dens_ity; In a sécond series of emulsions the form of the spread function would be

changed by the change in gfain relationship. Development characteristics will also

" be affected, but these can be isolated in turn by variation of exposure for any given
film sample.

.Item 3. Preliminary studies in progress at this time (December 1966) on the
relationship between developed grain morphology and the original GSD have revealed
several interesting effects that bear on image quality. They have shown that the
final silver developed GSD foi'vany given original silver halide GSD is a function
of the exposure; the more heavily exposed grains develop to a larger mean area
than the more lightly exposed grains. These findings may be significant in.the
interpretation of resolution data at high line frequencies. It is h0pe:d that such
phenomena can be studied as a function of developer and emulsion compositionin

~order to discover what parameters are significant for the optimization of resolution
at higher density, It is possible, for example, that an understanding of the -
principleé of the phenomenon may lead to emulsion formulations which will extend:

‘ " the resolution latitude of the system, i.e., that resolution be less exposure |

dependent, "

, * These prelimin’ary studies have been conducted using optical microscopy on
large grained emulsions, and our results have been gathered from interpretation

1 of grain-size distribution data. In Phasé 2 we plan to examine grain systems in
which the mean grain-size is sub-one uz; therefore, electron microscopy will be
imperative. Such observations will be made at a 'relatively' low magnification

|
i
‘ since it is the distribution of many grain sizes that will be of interest, rather than
|

3.6 25X1
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the structure of single grains. However, the observation of developed single grains
under high magnification will be necessary in our study of the imagery produced by

the silver filaments,

Item 4. A study of the relationship between the number of nucleation centers
on a grain and the developed grain size has become manifest as. a result of our |
studies on Phase 1. Item 4 may be' worthy of separate support since it is a new
subject that relates to both latent image theory and image quahty As ]llSt descrlbed
one of the discoveries made so far is that the developed grain size is a function of

the exposure and is likely to be significant at high line frequencies. An obvious

explanationv of this phenomenon is to be found in the consideration of the latent image |

distribution as a function of exposure. It is well known that the process of chemical
sensitization, to which all modern emulsions are subjected, is the creation of deep
trapping centers at a limited number of localized sites on or throughout the silver
halide microcrystal lattice. In the case of sulfur sensitization, which is the com- |
monest method of sensitization, silver sulfide molecules are deposited on the
surface of the crystals, and it is to such regions that the photoelectrons move and
are ultimately trapped by silver ions to produce atomic silver. These centers are
therefore the nucleation centers for development., It was shown at Turin-* that there
is a distribution of such centers over any given crystal, and that their electron '
trapping capability also has a distribution. Under conditions of longer time and
lower 1nten81ty exposure, the deepest trap can accommodate all photoelectrons
since they arrive in a stepwise fashion, with relatively longer intervals between
each arrival when compared with the electron trapping time. The net resultis -
that only one center per crystal is formed. Under conditions of shorter time and -
higher intensity exposure, the photocapture rate is comparable with the electron
trapping rate, and so some electrons are relegated to shallower electron traps.

The net result is that at higher exposures each grain possesses several develop-

. ment nucleation centers. It is believed that what we have observed in our pre-

liminary studies is a manifestation of this variation in nucleation centers, the
morphology and rate of development being a function of the number of nucleation

centers.

% .
H.E, Spencer and R. E. Atwell, Turin Symposium, 1963
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It is possible to change the number and distribution of sensitivity centers by -

control of sensitization conditions during emulsion preparation. We propose that,

by studying these center distributions as a function of emulsion manufacture and de-

veloper response, less dégradation -of high line frequencies may be achieved by
suppression of those characteristics tending to spread the developed area of the ex-
posed grain. The construction of a mathematical model embracing the underlying
reactions and ;concepts is in progress and appears to reflect the observed trends at
least in a qualitative- manner. If such a model were coupled with a series.of con-
trolled emulsion preparation exper1ments the number and distributlon of centers
available for electron capture would then be revealed and would greatly ass1st

opt1m1zat1on of this parameter

Item 5 A proposed experiment on the contribution of infectious development

to image degradatlon has arisen from our results of Phase 1 and may be worthy of
additional support Present image evaluation techniques. for photographic systems
are based on hnear systems analys1s,and as such by far the greatest deviant
component, is the emulsmn 1tself The currently favored solution to this problem
is the concept of effective exposure. ‘This method "corrects" the actual exposure
by reference to the character1st1c curve of the emulsion. The technlque assumes
that the spread function — which has at least three components (1) the purely

physwal part due to light scattering of the émulsion grains, (2) the ‘chemical part

due to proximity effects of developing grains, ‘and (3) the chemical effect of changing

grain sizes and shapes — is linear. While the flrst component is linear in.exposure,

the latter effect is almost certalnly nonlinear. It is 1mposs1ble by conventional

techniques to examine the 1nfluence of the developing grain on an adjacent unexposed

grain because of the uncertainty in exposure boundaries, i.e., when two adjacent
grains are considered it is not possible to determine whether one has been exposed
while the other has not. ‘

The degree of infectious development, as it may affect image quality, can be
determined by a proposed experiment involving radio-tracer techniques. Two
emulsions of exactly the same type are made: one containing radio-silver, and one
a control. The active emulsion is fully exposed in the liquid state and then the two

emulsions are combinedin a 1 to 1 ratio, and the mixture is coated without further
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exposure, Subsequent development of this coated emulsion should yield no radio-
activity of the final fixed film if infectious development does not occur. If, how-
ever, the development products in the vicinity of a nonactive exposed grain affect
an adjacent radioactive unexposed grain to the extent that it also becomes developed,
then subsequent washing of this film will not remove the radioactive silver metal
which has been created by the infectious development. Thus, a measure of the re-
sidual radioactivity of the final film is a direct measure of the infectious develop-

ment,

This pa_raméter can be studied as a function of developer type and silver
coating weight and, thus, yield a series of relationships for different developers
describing the sphere of influence of a developing grain, There are several possible

ways of performi'ng the needed measurements:

1. The small v activity associated with the partlcular 1sotope

proposed <Ag 0) may fog the emulsion andvth_us simulate
exposure. A similar effect may be seen by the g-ray electron
~emission of the isotope whose major energg is of the order

of 87 keV. It is known that radio sulfur (S35) with an energy
-of 16 keV does not affect the emulsion, but it may be possible
that the higher energy of both the v and 8 emissions of the =
silver is sufficient to fog the film. Providing this effect is
not great, it can be accomodated by a previous experiment

in which neither of the emulsions is exposed to light. The
residual count in this case will be a measure of this anti-
fogging and may be considered as background noise.

2. There may be some exchange of radio silver with nonactive
silver from one grain to another. This difficulty can be
accomodated by the same experiment as in item one.

"~ The criterion for the success of the experiment is that the
total noise contribution arising from these two possible snags
be a minor proportion of the total activity. .

Item 6. Selective topics will be determined in the courSe of the conclusion

of Phase 1 and the pursuance of Phase 2.

2-9
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Duplication — The image quality studies performed on model negative emul-
sions have a direct carry-over to duplicate emulsion. Several differences, how-
ever, exist between the Dupe and the ON that bear on the image quality problem:

1. The Dupe is not dye sensitized, while the ON is pan-

chromatic. This influences the choice of grain
morphology of the Dupe.

2. The Dupe need not be of high speed (sensitized), while
the ON must be as sensitive as possible. This in-
fluences the GSD.

3. The Dupe is exposed only by contact to a photographm
silver image using quasi-monochromatic blue light,
while the ON is exposed through a lens system to
polychromatic (minus blue) light. .

4. The vi)upe is generelly processed to a higher contrast

than is the ON. MM Wﬂy s

5. The Dupe is{usually examined at magnification below
that needed to observe its maximum resolution potentlal

All of these properties indicate a need for specific experimentation on the
image quality of the Dupe emulsion, Studies to be doene in Phase 2 .would include
the following: ‘

1., ,Siildy the _felatiohship between the morphology of the
.~ developed silver of the ON (as a function of density

‘and line frequency) and the image quality of the dupli-
..cate positive of this imagery.

2. ,Stu_dy the effect of grain morphology, GSD, sensitization,
and spectral response of the duplicate positive emulsion
~and its ability to record the ON,
Experimentally, our approach will be to study duplication by the methods of emul-
sion preparation, coating,, and processing, using the Optical and electron micro-

‘scope for observation, and the MTF or AIM curve as the image criteria.

Work Statement for Phase 2 — The Chemistry Department ofz
proposes to make available the personnel and laboratory

facilities needed to perform a major program on the relationship between the param-
eters of the photographic emulsion and its processing, and the image quality of the

final processed original and duplication images.

- :2-10
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We propose to study, in depth, the effect on image quality

of experimentally varied emulsion parameters:

Effect of grain'size distribution and mean grain area
Effect of grain morphology

Effect of emulsion thickness and 'covérage :

o TP

Effect of developer type and the resultant morphology
of the developed silver as a function of density and
of line frequency

e. Effect of emulsion gélatin, chemical sensitization,
and spectral sensitization.

Our image evaluation criteria will be MTF and AIM curve
analyses as they may be modified by work performed on
other phases of this program. Our measurement tools
will be optical and electron microscopy, - sensitometric
procedures, and other needed optical and mechanical:
techniques. ' '

We propose to study in depth the relationship between the
developed emulsion parameters of the ON and the final
image quality of experimentally prepared model duplication
emulsions. We shall study:

. a. The effect of ON developed silver structure on the
Dupe as a function of ON density and line frequency;

b. The effect of the grain size distribution, aVerage
~ grain size, thickness, coverage, and sensitization
of the Dupe emulsion on the quality of the final Dupe.

~ The image quality' of the final Dupe may be determined in-

in terms of MTF and AIM curves, or in terms of inter-

‘pretative parameters to be developed on other phases of
the program., ' '

Phase 3 (January 1968 - 1971)

described in detail in the opening section of this proposal.

cedures will be those of the variation of emulsion and processing parameters in

b
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In Phase 3 of this program, we shall attempt to fulfill the general goals
The experimental pro-.
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conformance with the mathematlcal models of the photographic emulsion and of
image quality that will have been arrived at in later stages of the program. In the
advanced stages of the program, the model emulsions will be simulations of fine
grain films such as 3404, 5427, and 8430, and may in fact be superior at least in
some aspects of image qﬁality. Also, processing solutions formulated later in the
program may represent advances o{rer the state of the art, particularly, with
respect to the latitude of high resolution development, a subject we are now in~

vestigating under another c ontract.

Evaluation of the model emulsions will be done by new image evaluation
methods that may become available to us as a result of parallell work on the over-
alllpprogram,‘ Recommendations for improved performance on existing materials,
and the submission of i'mproved materials (emulsions, ‘developers, exposure

and duplication methods) will be a part of the conclusion of the proposed program

OPTICS

Proposed Program

_Task 1: Theoretical and Experimental Investigation of Conditions for Linearity

Meaningful quantitative measurements can be made on an image intensity
distr'ibﬁtion to relate that image to the object only when the optical imaging system
"~ which generates'the.irnage is linear in intensity. The first part of our proposed
program is therefore a theoretical and experimental investigation of the conditions.
for which optical imaging systems may be regarded as 11near in intensity, This

study w111 apply to microdensitometers, projectors, and viewing systems such as
microscopes.

There are three situations in which the theory of partial coherence 1nd1cates
that the imaging system may be regarded as linear in intensity. These situations
are characterized by the conditions that (1) the coherence 1nte.rva1.of the object
illumination be much less than the characteristic width of the lens diffraction |
pattern in object space, 2) the object transparency be of constant phase and low
contrast, and (3) the object structure be slowly varying over a distance comparable

to the coherence interval of the object illumination. The first of these conditions

2-12
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was evident in the imaging calculations for sine waves and edges which were pre-
sented in the proposal for the first year program (i.e., Proposal No. TO-B 100-65).
A treatment of the second and third conditions follows. While the first of these
three conditions may be regarded as the most general since it makes no assumption
about the form of the object traﬁs'mittance, the second or third conditions may

apply in particular situations Where the first does not apply. A review of the
general theory of partial coherence as it applies to image analysis is contained in
the proposal for the first year prdgram. The following discussion of conditions (2)

and (3) is reviewed here only to provide a basis for discussing the proposed work

for the continuation program.

Low-Contrast Objects — For simplicity, we consider a one-dimensional sys-

tend, unit magnification, and a single lens aperture. The object transparency is in
the ¢ plane and the image in the x plane. The mutual intensity in the image plane

is then -

2) =58 ot ) () () K pa ) K )t

(2-1)

where I‘O (gl, §2 is the mutual 1ntens1ty of the rad1at1on incident on the object,
t(&) is the complex amplitude transmittance of the ob]ect (which we take to be of

constant phase), and K (x-£) is the complex amphtude impulse reSponse of the system.,

Since Eq. (2-1) contains the product tt , the constant phase cancels. We may

: *
then take t to be real, i.e., t=t ., We represent a low contrast object by

HH =ttt e
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where: t(') is a constant and
!
t (E) << to .

Then we have

BE) t(E) = BE)) HEL) = [t + v ()] [t + ¥ (E,)]

ot ) v v

3

- where we have used Eq, (2-3) to obtain Eq. (2-4). We note for later reference that the

intensity distribution in the object from Eq. (2-4) is
_ 2 .2 ,
I(5) = [t(6)]" = t5 + 2t v/ (&)

Using Eq (2-4) in Eq. (2-1), we find -
Ty %g) = f § Toleyr &) {t§'+ 'to'[t'<e1)_+ t’(&z)]}
' B ‘ ’ * =

The intensity in the image plane is, from Eq. (2-6),

RN SS L6 85) t(g)) Kix - ) K*(x - &) dEy dE,

where we set @1 =X, =X,

e

t
'
|
:
i
|

B

(2-5) '

ot
!

'

'

!

'

'

'
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It is clear that the variables 3;'1 and '&2 are dummy variables in the integrations
of Eq. (2-7), and so we may interchange gl and gz in the second term of (2-7) to obtain
Lx) = Sjjr<z o) Kix - £)) K¥(x - £,) d, dg,
A N
+ tO S. t’(£2> {S [FO(EZ’ gl) K(X - gz) K (X - 51)
Now note that we have
, * '
Clearly, when
K(x - §) = K (x - ¢) (2-10)
and
_ *
" T EEg) = T (g, &) 2-11)
" (i.e., when both the amplitude impulse response and the mutual intensity of the ob~
ject illumination are real) by using Eqgs. (2-9), (2-10), and (2-11) in the second term
of Eq 2-8) we find that
- * _ *
' | (2-12)
Then Eq. (2-8) beco)m.'es '
L6 = {1, 6y g, e-1)
9_15 29X1
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where from Eq. (2-5)

2 . : '
Io(§2) =t + 2t V(&) @2-14)

is the intensity distribution in the object, and

G, ) = Kix - £,) f To(gy0 &) Kix - &) dg, - @-19)

is the Green's function or inténsity impulse response of the system.

Equation (2-13) represents a system linear in intensity. Examination of Eq. (2-8)
shows that Egs. (2-9) and (2-10) are sufficient conditions, rather than necessary ones,
for Eqi (2-13). The necessary condition is actually Eq. (2-12). The 'conditions' of -

- Egs. (2-10) and (2-11) are realistic and are satisfied to a good approximation by the
present system.

., In the 1mportant practical case when the mutual intensity of the radiation incident on

the object plane is Spatlally statmnary, then we have

ro(gl’ §2) = Po(gl - gz) (2-16)
a'hd Eq. (2__.—15)Ibeco.1.rne's

Now make the change of variables

'

E=t -k, | 2-18)
in Eq. (2-17) so that |

Gx, &) = K(x - &) § T K[(x - &,) - £] dt

= K - §,) flx - &) . | = o 2-19)

" 2-16
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where

-}

f(X—- gz) = g Fo(g)K[(X_gz)_ g] d&

- 00

The conclusion from Eq., (2-19) is that
G(x,¢,) = G(X - &) (2-20)

and therefore the {ntensity impulse response, or Green's function, of the system is
spatially stationary.
R . ,

The spatial frequency domain description of the system is then obtained by

using Eq. (2-20) in Eq. (2-13) to obtain
and taking the spatial Fourier transform of Eq. (2-21), we then have
II(V) = IO(V) Tpc(v) ’ (2-22)

where Tpc(v) is the intensity modulation transfer function of the partially coherent
_imaging system. The quantities Ti(v) and To(v) are the Fourier transforms of the

image and object intensity distributions respectively.

The definition of Tpc(v) is

-}

3" G(&) o2mEY dt

T = = . 2-23)
| g G(&) d

- 00

where we have normalized so that Tpc(O) =1,

SECRET
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We shall now evaluate T (V) for the elementary case of a rectangular incoherent
slit-source and a rectangular lens aperture, The source is in the g8 plane; the other:
planes are as in Eq. (2-1). The halfwidth of the rectangular source is b and that of
the rectangular lens aperture is a. Magnification is unity, We assume that the
size of the source is much less than its distance from the object plane.

The mutual intensity of the illumination incident on the obje'ct, from the

van Cittert-Zernike theorem(Eq. (2-8)),is

Tyl - ) - S 1) dy . (2-24)
where-
v = —)‘% , : ' - (2-25)

and the intensity distribution of the source is given by

ly| <
o = AR |- .
Ify) = ) @-26)
0 lv] > R

" A Fourier transform relation also holds between the lens aperture and the am-

/

plitude impulse response of the lens. Thus we have

o0

K@ = | AmeMa , @-21)
'where' i
=35 o - @-28)
518 25X1
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and thé amplitude transmittance of the lens aperture is given by

1 nl <35 -
Am) = { S (2-29)
- 10 lnl > 25
Now using Eqs. (2-19) and (2-23), we find that Tpc (v) has the form
o | oty
S‘ K(¢) T ) KE-g)de) e dg
Tpc(v) = — = . (2-30)
S K(¢) 5 T (&) K(E - &) dg | dg

Using the convolution theorem on the inner integrals in numerator and denomintor ‘
of Eq. (2-30), we have .
' |

w s T
S' K(¢) y fo(u)ﬁ(u’)e'z"ig"' dv | e2™8¥ ¢
pC(V) = - ) > oy . ' -*_‘—- _ 2-31)
(k@ | ( Fo&e) e av| o
—o0 ] —00 —:
S‘ £ o) Ko 5 K(g) e2™EV V) g | qr
N e ~2mity ., .
§ T o) &) l_{ K(£) e ag | av
§ fo(w) R R - v) av
= - : 2-33)
g IN“O(;/) K() K(-v') dv’
2-19 25X1
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We can evaluate Eq. (2-33) with Eqgs. (2—24) 'throug}i (2-29). The variables
a/ S and b/ AR are the usual diffraction variables that arise in problems of this type.
We shall therefore redefine them to be

a

‘ } b
) = S . r = e
a S | and b R
The evaluated form of ’Il‘Jc(v) is then for v> 0,
r0 v >2a orv>a + b 3
' |1 , B a >b’and0<v<a -b
Toe®™ = < v | : >
l-a’+b’ a’ >b’ anda’ -b <v_<_a‘+b
k1-:28‘, a’ <b’ and0<v<2a )
(2-34)
Using Eqs. (2-23) and (2-19) we can easily show that by a change of variables
- Too® = Tpol) . e

2

Then Eqgs. (2-34) and (2-35) define Tpc (v). It is clear that Tpc(v) is real, i.e.
. 'A (2-36
Tpc(v) = pc(v) . | , (2-36)

Figure 2-1(a) shows Eq. (2-34) for various ratios M of a’ to b’. ‘A similar calculation
for the case of a circular source and circular lens aperture is shown in (b) of Figure

2-1 for various ratios ¢ of the radius of the lens to the radius of the source,

Objects With Low Spatial Frequency Content -~ Anothér case in ‘which the
partially' coherent imaging system is co‘mpletely characterized by an ihtenéity
impulse 'reSponse or its Fourier transforin — the intensity modulation transfer
function — is that of objects having low spatial frequency content. Figure

2-2 is an example of such an object; here the object structure t ()

" 9-20 25X1
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Figure 2-1, Transfer Funétions for Ideal Lens Imaging
Low Contrast Objects with Partially Coherent Illumination
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Figure 2-2, Slowly Varying Object t (£) vs Mutual Intensity

Function I"(¢, - £,)
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varies slowly over distances in which the mutual intensity function 1“'(51 - _§2)
is nonzero. .

: Using the general iméging equation ((18) in Chap. 2),
I(x) = SSV F(_E_l - .§.2) t(ﬁl) t*(_‘g.z) Kix - .§.1) K*(’_{ - _§_2) d_il d_§_2 s (2-37)
‘and letting £ i =0, we.have | o |
| ' * * . '
10 - [ ro e, + o ey ke - L) KE-Eag a0 . eesy

Now when the changes‘in t(_§2 + 0) are small in the distance o over which I'(g) is
nonzero, we may. make the approximation that

HEy + 0) = HE) 2-39)
If we then use Eq. (2-39), Eq. (2-38) becomes

Ix) = S‘ t(ﬁz) t*(ﬁz){K,*@ - 52)' S ) K[ x - £) - d] dg}'dgz . (2-40)

Therefore, we have }
Ix) = 5 I(£,) G(& - £y dg, B | (2-41)
vyhichJ is a iinéar inténsity superposition integral in which- | |
-ty - K- (roKie-t)-oa e

is the ihtensity impulse response of the system.

- Interestingly enough, Eq. (2-42) has the same form as Eq. (2-19) when K(x - §) is
real. For this case, then, the transfer functions shown in Figure 2-1 wili apply to

Eq. (2-41). A significant feature of the resultant intens_ity modul_a'tion transfer function

2-22
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curves shown in Figure 2-1 is that the transfer function is flat, i.e., there is no N '
reduction in the modulation of the spatial frequency components, out to some critical ‘
frequency which is determined by the. relative size of the coherence interval of the

object illumination and the lens diffraction pattern in object space.

Work Statement for Task 1 — On the basis of the above considerations we shall

investigate both theoretically and experimentally:

1. The relationship between the coherence interval of the object
illumination and the size of the imaging system diffraction

pattern in object space as it affects the assumption that an

imaging system is linear in intensity. We shall assume partially
coherent quasi-monochromatic object illumination and diffraction
limited optics. The experiments which are performed in this . = ¢
investigation will be designed to represent the conditions

assumed in the theory, when the theory shows a linear relation-

ship between object intensity and image intensity.

2. How low the contrast of an object must be in order that the
assumption that an imaging" system is linear in intensity be
justified.

. The relationship between the spatial frequency content of an
object and the coherence interval of the object illumination to
provide a general criterion from which one-can determine the

-validity of the assumption of linearity

Task 2: Measurements of Degree of Coherence of Nlumination.in
Sponsor Equipment

The second part of our proposed program consists of actual rneasuref

ments of the degree of coherence of the illumination in precision viewing, copying;, .

and analyzing systems now in use at the Sponsor's location.” This includeé, vie\ivers,
- projectors, light tables, and microdensitometers. {!Zhese measurements-would.be_— 3
Ede'si'gned-fovdetermi'n;e*to*w}ra:t“e'itent the.assumption_that these imaging systems are
lmearfm-mtensuy"ls justified.and,_therefore,_to_whateXtent Teliable.: and. mea.mng-'——-:"-'=

M
{ ful "quan quantltatlve'measurements “can-be made on._the.intensity- dlstnbutlon in the 1mages——J

the?‘b'rc'ciuc‘e

‘L Viewing and Projecting S ystems Sinee, optical viewing and projecting' systems

are not designed with the coherence of the illumination in mind, it cannot be pre-
sumed that any such systems are linear in intensity. Particularly, where high
resolutions are involved coherence intervals on the order of a few wavelengths can

produce noticeable effects.

2-23 25X1
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- Nluminating systems for viewers and projectors are basically designed to
produce uniform illumination across the field of view at a fairly high intensity.
The-required intensity with which the sample must be illuminated depends on the
charactenstlcs of the imaging system and the sensitivity of the final detector. In
a mlcroden81tometer used at high resolution, for example where the sample is
greatly magmfled and a narrow scanning sht is used, the 111um1nat1on of the sample
must be intense enough to cause the photomultlpher to operate above its dark noise
level. Attalnlng this condition is often a problem even with conventlonal illumi-

 nating systems. In viewing systems in which the human eye is the final component,
the illumination must be intense enough to be comfortably detected by the eye. In
some cases, particularly where quantitative measurements at high spatial fre-
quencies are required, it is necessary to use an imaging system which is linear in
intensity. - Such a system would add the criterion of incoherent illumination, or at
least illurnination-where the coherence interval is much smaller than the variations

in the.object, to those of uniform and intense illumination.

Light Tables, - The most "incoherent" type of viewing system in normal use
e —— .
is a light table, which usually consists of an array of fluorescent lamps behind an
~opal glass diffuser, on which the sample is placed. It is well known that a

stationary diffuser does not affect the coherence of radiation propagating through it.

In order to attain uniform illumination over the surface of the table, the ﬂuorescent
lamps are set back several inchés from the opal glass. Again, we have the familiar
‘case of light from an incoherent source 'propagating over a certain distance, thus’

. becoming partially coherent, and then being used to illuminate a tranSparency wh1ch
is subsequently imaged.

{ Microdensitometersj—— As we have seen,[condenser_systems-do-not-produce ——!

@coherentﬂllumlnatlon——A sample can be "incoherently" illuminated only if it is

illuminated by an extended incoherent source directly behind the sample or if the
coherence of partially coherent illumination is reduced by using a moving random
scatterer directly behind the object. This can be accomphshed by ensemble
‘ averaglng the mutual intensity over many conflguratlons of a random scatterer.
Rapidly mov1ng ground glass, milk, and colloidal gold solutions are often used as
i such scatteres. In the case of ground glass, it was shown unden ‘ 25X1
\
|
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Task Order No. 3 that the coherence of the light resulting from a piece of rotating
ground glass illuminated by a He-Ne laser beam could be characterized by assum-

ing that the ground glass acted as an incoherent source.

In a system such as a mlcrodens1tometer where only a small area of the
sample need be illuminated at one time, the type of illumination in which the
coherence is reduced by a moving random scatterer will undoubtedly prov1de hlgher
intensity 1llum1nat10n than can be convemently attained with an extended incoherent

source directly behind the object.

Coherence problems can also arise in other types of precision viewing and
projecting systems. Common instruments of this type use various light sources
and condenser systems, and we can expect.to find large differences in the degree

of coherence of the light in the object plane in a sampling of such instruments.

Work Statement for Task 2 — Under the first year contract a theoretlcal and

experimental determination is being made of the degree of coherence in the object

plane of a Joyce Loebl microdensitometer. - We propose to extend this type of

- analysis to other types of opt1ca1 viewing, analyzmg, and projecting systems in use

at the Sponsor's location.

We shall investigate experimentally the coherence of the illumination in light
tables, microdensitometers, enlargers, and other special types of analyzing sys-
tems in use at the Sponsor's facility. Where feasible such tests will be conducted

by making two pinhole interferometer measurements of the degree of coherence.

- For smaller coherence intervals the coherence will be determined by such techniques

as observation of the form of the diffraction pattern from extremely small apertures
or comparison of images of certain test objects with images predicted for known

degrees of coherence:

Task 3: Design Concepts for Linearized Systems

.
The proposed work for tasks 1 and 2 of this program 1nvolves a theoretmal

and experimental determmatmn of the conditions under which optical 1mag1ng sys-
tems may be regarded as linear in intensity, and an experimental determination of

the applicability of these co_nditions to precision analyzing equipment now in use at

2-25 25X1
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the Sponsor's facility. Task 3 of this proposed program will 'be the formation of
design concepts'for the corresponding linearized systems‘. These design concepts
will incorporate the conclusions reached under Task.1 and the-awareness of the

state of the art in currently used instrumentation obtained under Task 2.

' Work Statement for Task 3 — Under this part of the program we shall:

1\ ~Determ H‘mewdes1gn~cont€'“t_'f6—luwiaz_~1_ledwmicrodenmtometers—g
Ullight tablés, enlarge?s,—and-microscope viewing systems=The
use of both laséFs-and-conventional light sources for such an
apphcatlon will be studied. Particular attention will be paid
to attaining the maximum intensity for the requ1red coherence
1nterva1s :

Wn’c&lxests of_these-design-concepts-to
determi-ng_-jc_hglr feasibility for~actual.apphcatmn""Tms will
be done by forming 1mage§'6""nan optical bench imaging sys-
tem under the conditions prescmbed by the design concept.

‘Task 4:. Theoretical and Experimental Investigatidn of Particular
Coherence Problems

etermination of Object-Intensity from T —inl Iiage — The problem-of—)

\determining the object fr“—‘_'lmowledge‘of.thw _in_general,_be - Solved:; )

This'is because any imaging system has a finite aperture. However, the "prmmpal
part" of the object spectrum, i.e. the object spectrum up to some Iul max, can be.
found when the imaging system is characterized by a transfer function. ‘For
part1ally coherent illumination the imaging system may be regarded as lmear in

the mutual: -spectral density and the transfer function is then the generahzed transfer

function .S:(ul,uz., v) defined by

(o]
r‘ b b . ’ ' .
Iy (ﬂl’p‘zs V) = 01 (ul uz . ) P . ' : (2_43)

R | : ro(“l”"?x V).

LN

o : oo ,
where T (ul, fgs V) i the spatial and temporal Fourier transform of the mutual -
i
coherence function. and the subscripts i and o denote image and object space
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respectively. It is shown by Beran and Parrent that this generalized transfer

function is related to the amplitude impulse response by the relation
. ~ ) S~k .
L (ul,uz,v) =K(u1,v> =K.(—uz,-v> . S+ (2-44)

where K(v) is the amplitude impulse response for the particular temporal fre-

quency v and the tilde denotes a spatial Fourier transform.

. For quasi-monochromatic illuminatipn the temporal frequency notation v

may be dropped. The theory then shows that the "principal part" of the spatial
y

TFourier transform of the object mutual intensity may be found by dividing the spatial -

" Fourier transform of the image mutual intensity distribution by the generalized

transfer function of the imaging system, i.e.,

~

~ Glowy o-s5)

NRSE
The intensity in the object, which is the quantity of interest in image evalua-
tion, is then a reduced form of the object mutual intensity distribution which has

been determined in this way.

Cga@j@‘a‘t'bow'Q’Gﬁtﬁst——”'lt-_};as been shown under Task 1 that when the -

object transparency is of low contrast the imaging system may be regarded as ‘
liﬁear in intensity. Under these conditions, however, the transfer function is not "
that usually found for a system linear in infensity (i.e.,, the convolution’of the '
aperture function with itself) but has the form shown in Figure 2-1.; When the
object illumination is coherént, the transfer function which applies is that shown
for e = and m = ©, The sharp éutoff in spatial frequency shown by these curves
produces the usual ringing effect in imaging of objects with high spatial frequéncy

content such as edges. Thus, under these conditions the system is linear in

M.J. Beran and G, B. Parrent, Jr., "Theory of Partial Coherence"
(Englewood Cliffs, N.J.: Prentice Hall, Inc., 1964).
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intensity and there is still enhancement of edges. This use of coherent illumination
with low contrast objects may be expected to increase the probability for detection .

of edges and, therefore, deserves investigation as a tool for use by photointerpreters.

t;C‘éEérencetErf—feet—SLwith-éManspgrﬁncie_s"}; When a transparency is

illuminated with white light it may be possible to make the quasi-monochromatic

approximation and obtain reliable predictions of the coherence effects to be ex-

pected in imaging. In some circumstances, however, such as the white light

illumination of color transparencies, this approximation may mask important '

effects due to the division of the spectral transmittance of the transparencies:into
‘several distinct bands. Wects in.image_evaluation involving_these__J
Ccolor.transpar&?c:'le‘s‘should'be'investi‘g‘“ted as aipractlcal-apphcation of-the-poly=— 3
%ummy—::j

’

:Ster,e,o_Rr,oblems In stereo viewing, two images of the same object taken

from a slightly different perspective are imaged separately through the two eyes
of the photointerpreter and are then superimposed to give a three-dimensional
effect. Since light table illiiinination is usually used in such viewing, coherence
effects may be expected to arise. We therefore propose to investigate the effects
of coherent illuminati_on and nonlinear imaging on stereo viewing. ‘Both light table

illumination and more coherent illumination will be considered.

. Woi‘k Statement for Task 4 — We shall:

‘:lfmtheéea-s1b111ty-ef-obta1n1ng'the principal_part of )
{the_object. Antensity distribution fgggjllefmutual'mtensn_::
Ldistribution-in-the image This work w111m11y
coherent quasi-monochromatic object illuminations and ideal
diffraction limited lenses. . We shall find the mutual intensity
distribution in the image of selected simple object such as
edges by suitable theoretical methods. - A computer calculation
will then perform the process of division by the generalized
transfer function to determine the object mutual intensity
distribution. The predicted intensity distribution will be
obtained as a reduced form of this object mutual intensity.
The predicted intensity will then be compared directly with
the actual intensity distribution of the object-which was imaged.
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2—Investigate.the.use-of-coherent.object.illumination_to.in=____7)

crease-the-probability of detection of _low_contrast objects ]
[ sueh-as—edges: —This work will employ quasi-monochromatic

lightT™ The relation between the contrast at which the
probability of detection is significantly increased, and the
contrast at which the system may be regarded as linear in
intensity (see Task 1), will be determined. The lower of
these two contrast values-will determine the upper limit for
contrast values when it is desirable to use coherent light
and still make reliable quantitative measurements on the k
1mage intensity dlstrlbutlon

BT Investigate those part1al coherence.problems._which.are.in-——_)
tvolved'm-the-»whlte—hghtvanalys1Sfof' ransparencies which 2o
havetransmittance values in différentspectral Tegions m
S T N _
for-which thé_quasi-monochromatic-approximation isot
justified. This work will be both theoretical and experi-
mental and will assume diffraction limited imaging optics.
4-—Investigatethe effects peculiar.to.stereo viewing-which-arise
fFomm _the_degree_of coherence.of the_object.illumination. ) The
coherence of the illumination in currently active instru-
mentation such as viewers and light tables will be taken into
account in providing estimates of the effects to be expected.

59 25X1

. SECRET

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA RDP79B00873A000100010094-0



25X1 |

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

0\0

<

Q"g

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0




- S A
Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0
' ' 25X1

SECRET |

SECTION B

25X1
19 December 1966 ';
|
i
i
PROPOSAL A ‘
- 25X1
SECRET

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0 '




25X1
Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

0‘0

<

Q"Q?

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0



Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

SECRET T 25X1
]

SECTION B

25X1

GRAIN STUDIES

In our present program of grain studies we are trying out new procedures to
enable us to predict the image formatiovn in a photographic film when the light

distribution in the aerial image, which produces the photographic image, is given. ‘
Although this might seem unimportant to the user of the photographic images, a '

better understanding of these phenomena will lead to better imagery, which is

important, and also a better understanding of this area will lead to improved inter-

pretation of the existing images and in all probability will lead to better methods of

looking at these irriages.

Since the problem is extremely complicated, and since entirely new approaches

are used, our present program is twofold:

(1) Improve the mathematical description of the models on which
image formation is built

(2) Verify experimentally the theoretical results obtained to date,

In order to minimize experimental errors and use emulsions which come as
close as possible to.representing the models on which the theory is based, special
emulsions are used in this program, The details of this program are covered in

our Work Statement and in our reports. This work should be continued.

During the period covered in this proposal, special attention should be given

to the following areas.

(@) Film grains are not all equally sensitive to light. Larger
grains have a larger sensitivity to light and, therefore, the
grain size distribution will differ for different densities.

In our present models this is not taken into consideration.

2-31 25X1
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(b) The situation in which the light distribution in the image-
forming bundles is asymmetric is very important. The
problem. of resolving such images is extremely difficult -
but extremely important, since only on the axial point of
the image formed by a lens can one expect symmetry in
the image. The imagery of most of the area covered,
therefore, is usually asymmetric, Our present feeling is l

that this kind of imagery can be predicted with our
present theory. Again, this should be followed-up with
experimental verification. '

{c) Our present studies are based on a model of the photo-
graphic emulsions. In many fields of science it is often
not necessary to know the exact mechanism underlying
the phenomena in order to predict the experimental re-
sults. For instance, one can predict the behaviour of
most gasses by the law of Boyle-Gay-Lussac without
ever referring to atomistic arguments, although this law

) follows directly from the assumption that gasses consist
of a cloud of molecules. It is important to note here that
deviations in behaviour from this law by actual gasses

- are more easily understood by the molecular theory and,
therefore, more easily predicted, and its proper mathe-
matical treatment more easily described.

The same can be done for our grainy images. One
could conceivably find the mathematical description of
the law governing image formation without ever having
a model to base the theory on. However, these models
will be of great help in understanding the phenomena and
in finding the proper form of the mathematical formula
to describe these phenomena. For actual film the models
become very complicated; therefore, we propose that . J
| parallel"to the understanding of the phienomena, we try
__to formulatestiieTaws governing the imagq_iprln:itﬁﬁlﬁf:—)
gEtﬁl‘TiTE@Nmfté?'how complicated the actual film
is, theré are only a few basic phenomena that occur: .
the grain size distribution, the sensitivity of the grains,
\the random distribution of the grains when not all grains™ Q,
Fre‘ex_po'sed and developed, and the scattering of light <7
between the various layers of g¥ain.] In our opinion, E

enough is known to formulate the tiipe of mathematical
form that will describe the image-forming properties
in terms of measurable quantities on the film,
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l (d)” In"our work-we-will-also-cover the phenomena-that-the-image
| “of an edge will not always be formed where the edge originally. )
was located. In the mensuration program it becomes important
| to-tnderstand these phenomena_to insure better interpretation 3
l of the measured data.. For instance, from our present work
it follows that the measured location of an edge is influenced
' by the density levels on both sides of the edge.

The Calculation of Partially Coherent Image Formation

in the Presence of Aberrations

I, Introduction

The problem of partially coherent image formation arises in a number of
imbortant applications. viz microdensitometers, lens-testing equipment, viewer
‘ systems, etc. Although calculations have been performed for lens systems free
from aberrations, for systems with small aberrations, up to a few waves, very
little information is available. We feel that important advances in the design of
equipment of the type mentioned above can only be realized after this gap in the

literature has been filled,

In order to arrive at realistic results, it is necessary to take a pragmatic
attitude towards the definition of objects and images. Transparent objects will be ‘
described by their intensity transmission, and, if required, a phase function. Both ¥
these quantities may be considered measurablé. Furtﬁermore, any intensity
modulation in the image plane that can be tracked back to the object will be called K./\'
an image, A : v &5

It will also be necessary to describe the aberrations of the lens system in a

form intelligible to both the physicist and the lens designer. We propose to employ

ieiko’nal function _theory;Jwhich is eminently suited to tie together the various aspects
of image formation. '

R

In the initial phases of the study it will be necessary to make various restricting

¢l — ﬂ[‘ v %fw ‘2 25X1

it i Wﬂ@ga@%a;
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The quasi-monochromatic approximation will be used

throughout.  This is not a serious limitation as the path
differences to be considered will always be small. The
more general case can then be derived from the quasi-

- monochromatic case by summation, provided that the

relevant power spectra are sufficiently smooth.

It will be assumed that the (finite) transparent object is
illuminated by an infinite plane in which the mutual

intensity satisfies the condition of spatial stat1onar1ty

T (*p Yy %p¥p) = T (%% ¥1-5p)

This assumption is not absolutely necessary, but is

physically acceptable. It has the considerable ad-

vantage that the Fourier transform of I takes a
particularly simple form:

: —1k[Lx+M LX—My]
1/ S‘SSS‘dx dy1 dx, dy, e 272 272

T (%1912 %9, ¥p)

T (L My, Ly, My

JNRICERRICES

_ The function E is closely related to the radiation pattern' of

the source plane, which is a physically attractive feature of
this model.

For reasons of expediency, the initial phases of the study will
be limited to the two-dimensional rather than the full three-

dimensional case. This restriction will be dropped after
sufficient insight into the phenomenae has been gained.

In the initial phases of the study an attempt will be made to

solve at least a few cases analytically. The experience gained

in this work will be of substantial aid in the construction of
computer programs that can be used to solve more reahstlc

cases,

25X1
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5. In order to obviate the well known difficulties due to the
mix-up of the transmission and the phase characteristics
of the object,ronly_objects whose transmlsswn'exceeds‘e_T__:v TY=
{Where sonic aonTC"s’;;L positive number_will be considered. )
This restriction can be removed in later stages of the
work by a limiting procedure.

Temperature Variations in Optical Systems

* Much work ha.s been done on the effect of differences in temperature on the
performance of optical systems. Mostof this work has been performed to enable
us to predict performance of systeme in temperature equilibriﬁm at different
tempefatures In general a properly built optical system will not deteriorate the
image quality very much when the ‘system is in temperature equ111br1um at various
temperature levels. The major effect is a shift in the focal plane with temperature.
The situation is entirely different during the period in which the system goes from
one temperature to the hext. The behaviour of an optical sysfem, then, is dependent
on many complicated phenomena, and during this transition period the image will
always deteriorate. One very importaht fact to note here is that from theoretical
considerations and from practical experience with various optical systems, it is
known that these effects ere much more pronounced in some systems than in others.
Since almost all systems outside a laboratory are usually subjected to temperature

changes during their use, it is advisable to know during the design stages how

sensitive the proposed system will be to such changes. [This is equally important

: EFHQIE’;Systems-u-s-ed-to*t-ake-the-ori*ginai*photographs*a:s‘i't'i'S'i'n‘the'sWteﬁé’eTﬁ::
'El'b‘ed'to*vi-ew-rthesﬂe-ph'otographs—-—-(-’[ih-e;mo.refso-i-n-‘t-he-vieWer-syS‘temSﬁiﬁm
t__h‘éjtmtﬁe"form*of a mmp is-built-intcothis_equipment). 3 | '

The image detenoratmg effects are many, to name a few:

(1) Elements change shape and the d1stances between them
change mth temperature.

(2) Refractlve indices of the elements are a functlon of
temperature. :

(3) Glass becomes birefringent when heated non-uniformly.
Furthermore, pressures on the glass due to the mounting
will result in birefringency.

2-35 25X1
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These effects will be very difficult to fully analyze. Howevei',- it does seem
possible to relate the magnitudé of the effects with some of the basic parameters
of the system,. such as the power distribution between the elements, and the magni-
fications for each element. The purpose of this investigation is again twaold:

(1) Formulate a theory by which the performance of different
systems can be classified.

(2) Collect all existing and new data on which to base the study.

Some data are available on existing lens systems, and presently this in-
formation is being collected and reviewed for its applicability. However, analysis
of results on actual systems can be made in case presently available data proves
to be insufficient.

2~36
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SECTION C

I. GENERAL DISCUSSION

As time passes, it becomes apparent that present research in the image

analysis area is leading to an analytical impasse. {~The generahzedvanaly%

{imaging_systems.leads-to.a.nonlinear-result. _Furthermore, the likelihood that
film behavior is representable by a linear model daily becomes more remote.
Even if one could substantiate the general use of the effective exposure concept,
he is constrained to agree that the effective exposure regime is not accessible to
the observer, and while such a representation could have merit in'system evalua-
tion, it has little applicability to the problem of image exploitation. Present efforts
under this program are largely based on the development of suitable models,
adequate analyses and definitions in terms of the physical processes. There is a
need for concentrated study of a pragmatic nature, wherein one accepts the micro
or macro-scopic behavior of films or optical systems and attempts to formulate
these results analytically. ¢Thus;—the-production of amequation-representing the

‘-——_ﬁ
p{imaging-processTin a transilluminated. partially coherent situation may._be-regarded

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0
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1as_the starting-point-of-ancther problem: how_to.describe-the-result-in-terms-which—)
rareanalytically useful-and-which offer_the possibility of development-of-intUitive_____
"ﬁ‘——.—______‘—_—_____—————‘

guidelines-or-handbook type of quality. critéria The same problem applies to film

as a representation of some deterministic or stochastic input process. Prediction
of results is insufficient. One must be capable of assessing the worth of a system
on objective and meaningful bases, even if these bases vary greatly from the usual

linear type of analytical or experimental analysis.

‘proposes to enter this region of the problem and to accept

from both information re-

garding their formulation of imaging and photographic problems.

will therefore provide to the image analysis team the necessary terminal ingredient

2-37
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in the formulation of analytical techniques for the evaluation of specified nonlinear
processes. It.is planned that this work will be undertaken gradually, beginning with
-a relatively minor effort in the next nine months and becoming the major effort in the

following period. The primary activity of is planned in the areas of:

1. Nonlinear research

N
o
X
A4
G EE e

2.” Mensuration
3. Laboratory investigation

. The mensuration activity will be carried on during the next next nine months -
‘with a minor amount of laboratory and analytical work in the following year.
Laboratory work in the area of film properties and in support of analytical develop-

‘ments will be carried on continuously throughout the program.
" - The following information is contained hereih-

1. Program for the next following nine-month period, with
additional optional activity to allow for the contingency of
an expanded program.

2. Program (general) for four subsequent years.
3. Budgetary estimates.

. Since we expect the nonlmear analysis study to occupy a major portion of our time,
- some additional d_etall in reference ther_'eto is included in a following section of
this document. -

' IL. ANALYSIS OF NONLINEAR SYSTEMS - PROBLEM DEFINITION

The concepf of modulation transfer function (MTF) as applied to photographic
emulsions may be critized on several counts. If the MTF is measured by small
. signal response at some bias level it represents, at best, the transfer to be obtained
at that bias level for small signals. The large signel MTF does not have even that
significance. Furthermore‘\there'i's‘Z'g‘ran body;of evidence which indicates-that—_./
Ethicomblmtlonfof'MTF'Wlth effective-exposure to computeldens1ty distribution-for
La.ny signal formZ-6ther_than_the original test'signal—(usually a sinusoid).is.an invalid

‘ proce dure:. The implication is that linear superposition of frequencies is not a valid

2-38 ' 1 25x1
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hypothesis in the photographic case. This evidence is supported theoretically by '
the consideration that the number of elements in a photographic record is finite (or
at least denumerable) and contains a degeneracy with respect to the exposed scene
owing to masking effects among grains. This masking effect, although difficult to
formulate rigorously, has some réther easily extracted properties. The most
obvious property of a degenerate transformation is that the input is not single valued .
in the output even in the absence of added noise. That is, even if the location of
active sites in the emulsion were a priori known and there were no other sources-of
image degradation, complete knowledge of developed sites would not yield a complete
description of the input signal but would only reduce it to a class of function. Since
there is no'p,rediSposing reason to assume that one function is preferable to any
" other we are faced with a situation where we may find "noise" in the absence of
noise. Furthermore, the "noise" épectrum will depend in this case on the precise
nature of the input function (expo_sure).'wamis-inﬁ-mte'félﬁﬁﬁﬁ?j
{—_ship-between-the Signal and the noise (if thatterm isTadmissible) statistical treat=—
'@‘d@_particular the class_of linear statistical analyses._exemplified by Y

U Fourier _analysis.are not capable_of providing a complete, OF in Many cases, even
{_an"adequate-description of the_photographic-system,-2 ‘
1,

Furthermore, it has been shown 2) that the process of optical imaging is a
qualitatively nonlinear pi'ocess in most physically meaningful cases and is signi-
ficantly so in most cases connected with the prdcess of image exploitat‘ion. The
transilluminated case has been explored in depth by Parrent(3) and the results have
been verified to a considerablefdegree by experiment. In cases such as these, the
system response becomes specific, i.e., is dependent on the input process, and

ordinary analytical methods fail to produce generally useful results.

1PI"inciples of Optics, .Born and Wolf,- Pergamon Press ‘
'2Theory of Partial Coherence, Beran and Parrent, Prentice-Hall
3U,npublished Notes, 1966
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In 1958 a small book by Norbert Wiener, Non-Linear Problems in Random

Theor @) was published. In this publication Dr. Wiener developed a framework for
~heory o

treatment of nonlinear electrical networks. Since. that data there have been about

fifty (50) publications, including a number of doctoral theses in electrical enginéering,
expanding, explaining, applying and modifying that formulation. During the same

period alternative formulations have been proposed which offer computational ad-

vantages for certain classes of problems. ﬁlas undertaken a

small scale study of this literature in an effort to determine the suitability of these

mathematical formulations to the problems of imaging system analysis.

- Although this study is by no means complete it is fairly clear already that fhe
formalisms currently available are suitable for the treatment of nonlinear electronic
Systems and that the description in terms of nonlinear functionals is more precise

than the linear transfer functions in current use.

What'is not clear at this time is the extent of additional computation required
for a given improvement in representation. Furthermore; the méthematics aré in
a state reminiscent of Fourier analysis in the nineteen thirties. That is to say that
the formalisms exist but practical criteria for their use are nowhere in sight.

There exists also the problem of adaptation of the theory of nonlinear systems to the

photographic case. To state dogmatically that such adaptation is clearly possible

“would be foolish. On the other hand, no clear obstacles to adaptation are known, and

the methods are quite general as to the classes of systems represented.
We therefore propose a program of research as follows:

Phase 1: We will continue our study of the literature so

as tolestablish a_thorough-competency.in.and

appreciation of the several formalisms-atour —

- cyvolal

4 < '
~ Technology. Press of Massachusetts Institute of Technology
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Phase 2: Wg%@&mpﬁmgs@

rexisting-nonlinear analysis_schemes_for several™ ).

WWe will endeavor; if
necessary, to generate orthogonal expansions
other than those currently available in order to
provide a system transfer function whose compu-
tation is readily amenable to digital computer
evaluation and which will admit of a reasonable

intuitive interpretation.

Phase 3: We will{undertake thea a_awpi".@;i,o,zl,ofﬁthes,e_m@

to the case of nonlinear transilluminated observa-

tion, with emphasis on the development of generally
applicable descriptive mechanisms and evaluation

criteria.

Phase 4} We will undertake_to adapt the_general methods of — ]

expansion in integral functionals to the photographic

case, This study will involve consideration of the
nature of the photographic p'rocess,l the extent and
degree of nonlinearity to be treated, the nature of the -
emulsion noise spectrum, and experimental methods

for extracting the appropriate data.

Phase 5Cﬁjegwifll;endeamor-_tozestablish:an;inf?fm‘iﬁ'onaml-b@ .
e S
{défining.sampling.criteria_andan entropic_descrip— 3
{ tion of-image-information-content—This.will_include_____~
E’g_hg,{creatmenbof-noi—sedn.the&ﬁj?ét*spa;ce:————j

Phase 6: Finally, (assuming success in the earlier phases
of the work), we will attempt to define a set of
{testsTindicating_the.most efficientexpansion method—"7

{for a_given systemrand-a~compilation-of-computa=

. . . _-."3————-——"—2
Cﬁiﬁﬁﬁl:ggﬂ-emﬂesﬁo r-determining-the-transfer-functio
_ 1l‘an—d'c hannel-capacity-in-terms-of-testing-signals -

appropriatertothe type transfer function.expansion

Cc hosen- 2
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These items are included in the overall program and are referred to as the Phase
numbers shown.,

" Theoretical study of representation of nonlinear systems, (2) Generation and dnalysis
of controlled sample material, (3) Mensuration techniques to minimize error on

small scale objects, and (4) Support as required by

L. "This“ifem will Consist of WoTK preliminary_to_the gri_mery_invest'ig - )

SECRET

TECHNICAL PROGRAM

The proposed program is divided into four task areas. These are: (1)

rtion-i-n-the*n‘on'linea—r-rep-resentati'oﬁ;a;rea-"(‘Phase-I'ta'sk)'.“THF’t‘a“s?k‘Wi‘l‘l'”GTc sistof )

ttwo~pa-rt-s~:;§

tion. With the experimental setup, carefully controlled functions in exposure can be -
imaged on fili:n. The present effort has been devoted to only the study of film response
to sme waves of a Spe01f1ed spatial frequency,
which are more complicated than this by proper spatial filtering. Since the present

program is being used ‘to develop a model of film propertles to sine wave stlmuh

2-42

a)

b)

A literature search to evaluate the available material on
the subject, and determine the approaches with the great-
est potential for usefulness in the photographic case.

Selection and expansion of tec"hniques applicable to the

. general case of partially coherent transilluminating view- -

. ing. This case is selected since a considerable amount

- of theoretical and experimental work will exist as of the

time the investigation starts. The success of this phase

.. of Task 1 cannot be predicted until the problem has been

given much more detailed study. Possibly rather simple
nonlinear methods will suffice to give results that are an

adequate approximation for all practical cases of interest.
" On the other hand, the response of film may be a function

of so many variables that considerably more effort is re-
quired to generate a model that is satisfactory. This
task is therefore delayed until a later phase of the over-
all program to permit the inclusion of contributing re-
search now planned.

)

L2 —Generation and.Analysis.of .Controlled Samples )

T’

This task is essentially a continuation of the effective exposure evalua-

It is also possible to generate functions

SECRET - : -
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the model can be tested for more complicated functions by comparing the response

predicted, versus the experimental results, This effort will thus be useful for

experimental material to use in the verification of the theoretical model. One of

the primary lines of investigation will include the use of additive stimuli.

13.~

a)

b)

Mgnsurati‘éﬁ'T@Hﬁiqu—cas:

This phase will be devoted to two (2) activities:

Monitoring activity and support to the SPPF measure-

ment program. Data will be reduced and methods
developed as required for the effective continuation
of that activity. The objectives are:

1) Determine the degree of assistance involved f
in the use of a density related measurement
in the mensuration task.

2) Evaluate quantitatively the error propagation
in positive transparency production, from the
. standpoint.of small scale observations.

Extension of the mensuration activity by experimental
investigation.” One purpose is to determine the nature
of images in respect to measurement by providing
experimental determination of edge properties as a
function of local density level and difference in density
across the edge. A by-product of this investigation
will be guidelines for best use of microdensitometry
as a-measurement aid. Similar measurement will be
accomplished under varying conditions of illumination

~ to determine if repeatability is 4 function of illumina-

tion. Spectrum and degree of coherence will be
varled with a limited number of cases used for each
cond1t1on

[+ —General Support

Support will be provided for other areas of the program, as required

by,‘

‘5.

Technical Management and Planning

A certain number of hours must be devoted to technical management

and planning., This will include technical coordination, technical reviews,‘ and

compliance with major reporting requirements.

2-4
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Continue nonlinear analytical studies, coordinated with

- At this phase, the'extension of the previous work and inclusion of film

properties will begin. (Phases II and III)

Continue and finish laboratory experimentation on mensu'ration'work. Pub-

lish final results,

Continue laboratory investigation of film properties. . Extend methods to
synthesis. Define regions in which ordinary analytical methods may be
applied, particularly with respect to dynamic range., Conduct other
laboratory investigations in support of and as part of (1) and (2) as re-

quired.

Conduct further investigation into nonlinear system analysis and evalua-

tion. This work should extend well into both film properties and imaging

systems. (Phases IIT and IV)

Conduct experimental work in connection with (1).

Continue and finalize nonlinear analysis work. Produce analytical and

other guidelines for the assessment of exploitation systems. (Phase V)

. Conduct experimental investigations as required.

.. Finalize results into most tractable form. Produce computational

- procedures for handling the generalized case in exploitation systems.
. (Phase VI) .

‘work in representation of film and imaging systems,

" SECRET
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CHAPTER 3

ADDITIONAL FOLLOW-ON PROGRAMS

- {SECTION AT IMAGE_MOTION"COMPEN: S'A*'HG)N:

INTRODUCTION
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‘ FproposeS'to*pTe’r‘chi‘m'a-program'tO'demonstrate-_.Z 5X1

Qe,feamblhfcy'of in-line_complex spatial.filtering.for_compensating for mosttypes—__ )
——_——_——’_—_——-—-——
Qf,,motwn—blur% The -analysis will be directed toward conclusive answers

for practical applications of the system. Pending a favorable evaluation of the prac-
tical adaptability of the system, it is further proposed that an operational system be

designed and constructed. The motivation for this proposed process of image res-

toration by in-line coherent spatial filtering techniques arose from the development -

of a computer-driven photofacsimile system. An image restoration filter can be .

. fabricated with the computerized system by direct application techniques employed '

at@ver several years. The discussions that follow give an outline of the
photofacsimile technique and its application to the restoration of smeared imagery.

The proposed program is summarized at the end of this section.
IMAGE RESTORATION

. The basic concepts for image restoration rest on the application of frequéncy

- domain analysis to optical systems. The advent of complex spatial filtering came

with Tsujiuchi1 who constructed inverse complex filters for coherent in-line filter-
ing. More recently, holography has been applied to complex spatial ﬁltéfing using
the matched filter approach. Some of the apphcatmns of coherent spatial f11ter1ng

at this laboratory have been to compensate for linear motlon, defocusmg, atmos-

pheric image distortion, 5 as well as pattern recognition, 6 among other applications.

Figlire 3-1 is a schematic diagram of a coherent spatial filtering system; it
shows the geometry and coordinates used in subsequent analysis. The object trans-

parency to be filtered is plaééd in the object plane and transilluminated by coherent

3-1
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Figure 3-1. Schematic Diagram of Coherent Image Restoration Syetem

collimated quasi-monochromatic illumination. The lens L produces a Fourier
vtransformatlon of the complex amplitude transmittance S(_) of the transparency
. Thus, the amplitude distribution in the filter plane is

i2méy
<,\f> s@e M oar, - (3-1)

i W'her-'el A is the coherent wavelength and f is the focal length of lens L For image
restoration applications, a filter is placed in the filter plane. In general a filter
f(u) has a complex transmittance that can alter both the amplitude and phase of
_ S (/i/}»f) .Thus, the filtered image distribution A(_) is given by

A®) = S <M> fwe Mgy . (3-2)

- The nature of the filter f(u) is, of course, determined by the application. For
restoration of aberrated imagery, the input signal to the spatial filtering system is
given by -

i2mux | v |

5 =0 ®JI @

'y
25X1
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where (® denotes a convolution between the object intensity distribution O(£) and

the aberrated imaging system impulse response ) (¢). The Fourier transform of

 Eq. (3-3) is

Sw = Ow Tw , (3-4)

Whefe T() is the driginal imaging system transfer function. The transfer function .
is related by the Fourier transformation to the imaging system impulse résponse.
Any aberrations present in the imaging system response have their transform-
related properties in the system transfer function. Thus, one filtering approach to
improve the image is to remove the aberrating effects in the transfer functlon In

this case the approprlate filter is given by .
f = 1- ;g o . . - . (3-5

. For linear motion blur, the impulse response can be considered a 'rect' func-
tion under conditions where the shutter speed is very fast. Thus, the complex filter

constructed for‘comperisation of linear motion blur is a clipped inverse sinc. Results

obtained from linear blur restoration have shown a resolution increase by more than

a factor of 2, over a dynamic rangé of 30 dB. Examples of linear motion restora-
tibn are shown in Figures 3-2 and 3-3 where, for each figure, (a) is the aberrated
iniage and (b) is the corrected image. Experimental results for correcting five
wavelength defocused imagery show a fesoiution incfease of a factor of at ieaét 3. 6
The compensating filter was a clipped inverse Besinc funétion. Figures 3-4 and
3-5 show some results obtained by complex spatial filtering. Inverse filters have
been applied successfully to other a_pplications, but were necessarily limited to
real functions becalise it was only possible to fabricate phase plates with 0 or «

phase retardations.

3-3
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lution Target (a) and Its Compensated Image
by Inverse Complex Spatial Filtering (b)
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Figure 3-4. Out-of-Focus Resolution Target (a) and Its Compensated
Image Obtained by Inverse Filtering (b) and by Matched Filtering (c)
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Figure 3-5. Image Restoration of a 5-Wavelength Out-of-Focus Continuous-Tone
Target Showing the Defocused Image (a), and Images Restored by the Two-Lens
(b) and One-Lens (c) Filtering Systems
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\ DIGITAL PHOTOFACSIMILE PROCESS .

The more general class of asymmetric functions have Fourier transform: phase
functions that are not limited to two-step functions. To perform filtering operations
on such functions, it is necessary to have the capability of recording all phasé and
amplitude variations. One method by which this is now possible utilizes a diéital
computer to perfornd the Fourier transformation of object or impulse information
obtained from an optical scanning system response. The phase and amplitudé in-
formation of the transform are recorded and printed out by a photofacsimile s;ystem
in the form of an inverse filter. The inverse filter is then used in an optical :spatial
filtering system for image restoration applicafibns. There are three principal
steps in the process: ' _

®
1. A scanning microdensitometer (ISODENSITRACER , hereafter

referred to as IDT) that, with an analogue to digital converter, '
provides the input to the computer \
2. The Fourier transform program of the computer N

3. The photofacsimile process that records the Fourier transform, '
information. '

A biock diagram of the digital process is shown in Figure 3-6. v ' .

The basic capability of the photofacsimile system to print quasi%on'finuofus
functions calculated by the computer has been demonstrated. The IDT SCahhiflg

system for detecting photometric information and recording this informatioi} in

'digital_form for computer use has been previously used for edge trace analyéis. .

‘Thus, the basic capabilities have been demonstrated and it is now necessary}to 7
apply.‘ this process to image resforation problems of interest. One importan’é prob—
lem is the general case of image motion where the motion function blurfed impulse
response can be asymmetric. Anexample of an asyminetric motion function_ and
its effective image response is shown in Figure 3-7. This photograph was _olbtained
by taking a time exposure of a resolution target while the camera was moved in an
unpredictable fashion, The motion function was recorded separately by plac!ing a

pinhole at the center of the target.

L 8-7

SECRET

25X1

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79BOO873A0001100010094-0



Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP79B00873A000100010094-0

3-8

Impulse- - . IDT Anatl(c))gu el
ReISponse —_ﬂ Scanner — ™ Digital
mage T Converter

SR Y Magnetic Tape

IBM Cards |<—

F

L

[

IBM 7094

Program

Fourier Transform

IBM Card Reader

—

Master Commutator

Figure 3-6.

Lamp Optics

Y

Shutter

Y

1

Y

Filter Wheel

Position Relays

“Filter Wheel [®
M1
Film Table [*& X —
* -} Drive
"y"Drive  leg§

Program and Photofacsimile Output
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Figure 3-7. Randomly Smeared
Image of a Resolution Target

As previously mentioned, a study to compensate for linear motion blur was

performed at Because linear motion was only one of many possible 25X1

situations, other motion functions were also analyzed (Table 3-1 and Figure 3-8)

to determine the relative merits of the linear motion compensation filter for cor-
recting other types of blurred imagery. The linear motion compensation filter can
remove the dc component of more complicated motion functions. With the develop-
ment of the digital photofacsimile process, it is now feasible that the correct filter
can be fabricated for most motion functions. The purpose of the program proposed
is first to demonstrate this capability and second to design and construct a system

for practical implementation of the principles.

To provide for a meaningful program, the problem must be limited to one of
image blur, and thus exclude other aberrations such as defocusing. Thus we will
consider only motion functions limited to a plane orthogonal to the imaging axis.

It is further necessary to study the problem from a viewpoint of practical adapt-
ability, and thus the program is divided into two phases. The first phase will deter-
mine the practicality of this proposed system and the second phase will provide

engineering services necessary for implementation.

- e s e Wy S W @ W
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» TABLE 3-1 : .
SOME MOTION FUNCTIONS THAT OCCUR IN IMAGING
_ _ Velocity Function ] .
. . Motion Function Symbol
Type of Motion Time Space ) . .
Coordinate Coordinate M) Designation
v(t) " v(x) _
Constant velocity v, v, l/vo M
Constant acceleration] . at L (2 ax)l/ 2 Ax_l/ 2 M1
" Constantly changing : ' _ E
acceleration bt2 31/ 3 b2/ 3x2/ 8. Bx 2/3 M,
‘ . 1/2 -1/2
'xz 1 x2
Oscillatory .csinwt wD<1 --—2> m(l =3 Mosc
D™/ D
: 1/2 ) 1/2
" Constant velocity and} v_+ at v 1+2a_x L 1+Z§ M +M
. o o 2 v 2 o 1.
constant acceleration Yo o o
vix)
A. Mg+ M; (A NEG)
B. Mosc
C. Mo
T DM,
E. Mp
F. Mg+M, (A POS)
c
- \\\ D
x
8$(X-Xo)
Il
f x

)

Figure 3-8. Plot of Some Motion Functions

of Interest
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Theoretical and Experimental Study

|
PROPOSED PROGRAM , S |
|
|

Sproposes to perform a theoretlcal and experlmental study to demon— 25X1
- strate the feasibility of compensatmg for nonsymmetric motion blur functlons using

a computer-photofacsimile system to fabricate the necessary inverse filters. Spe>

Uapplying the digital computer—p‘notﬁfa’cﬁﬁi‘lé's*ystem*tovfabrmating-i'nver’se*‘fi“l“t*]ers

|
[cifically it is proposed_ that a~study be conducted to-demonstrate_the_feasibility-of '

L

{for sp_a.tial-filte‘ring‘o_fﬂ_r_rgti'on=b1uﬁ"e‘d’imagery.3 To perform this study, the 'x"e—

sponse of one component in the digital process must be improved. The IDT scan-

:‘g:

ning technique and tape recording of photometric data of the motion function for com-
puter input requires leasing a tape recorder-readout system. The leased ite{rr; is
necessary so that information scanned by the IDT can be recorded in a form that is
compatible with the Fourier transform programmed IBM 7094 computer. At least

104 data points are obtained in the IDT scanning process as réquired information

. = ‘i L
v .

|

| .

| ) for computer input. By the nature of the Fourier transform program, each point

| i

| of the computer output is determined from a contribution of every input point.; Thus,
l

readout and indexing facility in a tape recorder is imperative. ' |

T Oncewe have-the-capability deéscribed above; the feasibility_of. fabrlcatmg_tll@__]
{Tequired inverse compensating _jllte.r.can.be determmed’.—Th1§'feas1b111t7'_aﬁ'best‘:
rb‘e‘démﬁn‘s‘tﬁted by commeéncing with more_simple_asymmetric motim
-r('e‘.'g.—'"‘k"-shaped-)va-nd-bina-ry-!ea—rgs".) The inverse complex filters fabricatéd from

=
I
AN 1
—

the computed Fourier transform information and the photofacsimile printout \;avill be

used in a coherent spatial f11ter1ng system to compensate for asymmetric motlon

blur in imagery. Analysis of the parameters used for computer input and the result-

-
N v

ing compensating filter will be made to obtain specific information of the pro?ess.

- The processes described above will be extended to more complicated motion
functions and to continuous-tone ima'gery.‘( This application is not only the substance
of the development, but also the practical goal of the system. Complicated motion

functions will be derived by photographing scenes with a time exposure, duri;ng

which the camera will be moved in an unpredictable fashion. The required filters

!
will be fabricated by the method previously described and spatially filtered images

will be presented and analyzed.

3-11 25X1
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Engineering Study

{An eng‘inee-ring-stu-dy—wi-l-l-be"p‘e‘rforme*d;for.;tll_e;d@iign concept of an-operational )
‘lﬂs-tem-ba*sed’oﬁ'spec1hcat1ons d‘e‘teanined'in?th'e%heoreti'ca-l-an'd'experimental,stud@
The determination of a design'concept based upon actual experimental results is

required to properly evaluate the practical ramifications of the system.

The newly-installed Engineering Research Department of tllle Physical Sciences

Division ofz_is actively engaged in the production of custom equipment for
the photo-optical field. Engineering and production staff personnel, as well as

N
9]

lowing lists some typical photo-optical instruments that can be manufactured to

|
‘ : manufacturing facilities, are available for production of such equipment. The fol-
| .
| meet specific customer specifications:

| : X

" Film processors

" Film transports

Hologram canlera .systems
Rear projection fjlm viewers
| Filrn readers

" Image plane digitizers

: Fllm scanners.

The Englneermg Research Department provides the necessary engineering
capability to evolve sound prototype and follow-on equipment 1ntended to demon-
strate the concepts developed within the scientific groups. All designs are directed

within the funds available. Human engineering is heavily considered in all designs

L O d c o s

to facilitate operation. This arrangement is considered to be of special advantage

1in areas of classified programs since the research, evaluation, and resultant equip-

ments can be totally developed within the facility. The manufacturing 25X1~

|
|
|
1
1 at a high level of performance and reliability consistent with customer requirements
|
|
|
|

facilities include sufficient machine tools and qualified operators to fabricate nearly

7 .
{]

100% of any prototype hardware requirements.
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VIEWERS

There is a relatively small amount of literature on the subject of viewers.

We feel that this field should be investigated thoroughly, and that this study should

result in a much better method of ‘writing specifications for future instruments.

Some of the areas to be investigated are:

@)

(b)

(c)

The field-of-view of a viewer and its magnification are related.
Although in general a large field-of-view is desired, it is not
known how the increase of field relates to better interpretation
by the PI. On the other hand, the aberration correction becomes
more and more difficult the larger the field. The trade-off,
therefore, cannot intelligently be made.

The objects viewed through the instrument are always films,
and therefore display grain. This can be described as "noise."
In many other areas a great dedl of effort has gone into elimi-
nating this noise. In present day viewers no effort is inade to
suppress the noise. Ag a matter of fact, it is not known what
magnifications yield the best results.

This subject warrants careful investigation, since the
receiver in this case is the human eye, which in itself is a
very complicated instrument. Some of the most obvious tech-
niques, therefore, do not work.

The amount of light energy necessary to see the image properly
and with the least amount of fatigue to the PI seems to be an
unknown quantity. This is, nevertheless, extremely important,
since there has to be a balance between the heating of the film
material due to high illumination, the comfort of the PI, and
the visibility of the image.

Furthermore, the higher the energy requirement, usually
the more heat is generated by the light source, and some of
this is dissipated into the instrument and its optics. Optical
systems, however, form their best images when in absolute
temperature equilibrium. The! amount of energy to be used
in the system should, therefore again, be properly judged.
The factors going into this trade- off, however, are not known.

3-47  25X1
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Optical devices such as zoom systems, anamorphs, image
rotators, etc. are often required. The more optical systems
which are needed, the more the image quality reduces. The
image deterioration due to these components is not known,
nor is it known just where in the optical train these devices
should be located. A study should be made to assess these
factors.

Alignment of optical systems has a very important effect on -
the image quality and ease of operation of an instrument.

This is especially true of viewers in which the eyeplece-holder
can be t11ted in different directions.

Tolerances for all optical alignments should be established.
Furthermore, procedures should be written to make sure that
all misalignments, which arise during the life of the instrument,
can be measured and readjusted easily. In many places, in
such instruments, designs are possible which make misalign-

" ments of components not critical. For instance, when a 45°

o

. prism is replaced by a penta prism, the alignment of the prism

becomes non-critical. When alignment among components is
¢ritical, it should be known, and the designer should take extra
care so as to maintain this alignment.

Stereoscopy is often used. From binocular instruments it is
well known that the alignment of the two axes of the instrument

" becomes extremely important to the proper functioning of the

operator. This alignment causes loss of resolving power and
gives the operator headaches. In the case of stereoscopic
viewers, it is not only the alignment of the instrument but also

. the alignment of the two film-chips that will determine the

quality of the image viewed. Here then is a problem, since

* the two chips are not identical. Proper ways should be found

. to align these images. A possible method might be to project

(8)

two dots onto a properly adjusted instrument so as to guide
the eyes to maintain proper direction, and then to’ align the
film strips accordingly.

- All the information gathered in the foregoing suggested pro- -

gram should be pulled together into a handbook for the benefit
of users of such instruments, since a better understanding will
lead to a more efficient use. Also, those individuals who have .

"~ to write the specifications will benefit from such a handbook,

since it will lead to a more precise way of specifying the
requirements. :
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Special care should be exercised with regard to the language
and manner of explanation in such a handbook, so as to make it
possible for the users to fully comprehend the information con-
tained therein. The final writing should be done with the help of

- the customer, so as to be sure that the contents are usable for
the customer's purposes.

SINE WAVE RESPONSE OF VIEWING EQUIPMENT,
INCLUDING THE QPERATOR
| .
- The description of the performance of optical systems in terms .of its sine wave

response is used more and more frequently. Special equipment to measure the sine

wave response of viewing equipment is being completed in 25X1

laboratory at the present time.

The sine wave response of the human eyé has been meésured, and the results -
have been published in the literature. We would like to point out that the eye is not
a linear system, while the theor_y of sine wave response is based on the assumption
that the. systems so described are linear. This does not mean that the use of these
methods are, a priori, invalid for the eye. It does mean that we shou_ld verify the
usual assumption that the combination of two instrumenfs, for each of which the
sine wave response is known, can be describedv by the product of the sine wave re-

sponses of the subsystems.

Many measurements are made in the fieid of target recognition.. These studies
are always done without_the use of instrumentation, and no measurement of the eye
response of the observer is made. These results are then assumed to be valid when
the objects are viewed thrdugh optical equipment. Again, "chese assumptions should

be verified.

We therefore propose to measure, in conjunction with your laboratory, the sine
wave response of your equipment,” both the equipment alone, . the eqﬁipment in con-
junction with the operator, and the operator alone. The results will then be analyzed,
and either the normally-used assumptions mentioned above will be verified or proven

to be incorrect.

25X1
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SECTION F

MICRO SIMULATOR RESEARCH

The Requirement: A considerable effort has been directed toward the appli-
cation of information theory and Fourier transform techniques to the study
of micro-imagery. However, as in every information record, the informa-
tion which can be extracted from the ?record is a function of the physical

characteristics of the reading system. In particular, the appearance of

 micro-imagery is highly dependent on the illuminator and objective aper-

. | .
tures, the coherence and spectral distribution of the light, the field which

is illuminated, ete. To relate the quémtitative measurements of a micro-

densitometer or other device to the response of a physically realizable
reading system (visual or otherwise), it is necessary to simulate the reading
system precisely. Without precise s;mulation, the measurements of:the

device cannot be related to the real system.

The Solution: Désign and fabricate, or modify an existing optical device so
that the illumination and objective apértures ‘the spectral bandwidth, the
source focal position and other parameters can be varied independently. It
should also be possible to vary the resolutmn element size as well as the .

size of the illuminated neighborhood field.

The Progrém: An experimental progfram should be designed which will dem-
onstrate the ability of the simulator to simulate a variety of optical readout
systems. The program should be able to demonstrate quantitatively the
effect of the viewing system (i.e., itis physical characteristics) on the infor-

mation content of a recorded image.

An Observation: The "Micro Simulator" approach actually effectively deals
with the nonlinearity problem encountered in the partial coherence theory of

optical imaging. When the actual system is simulated the ndnlinearity which

3-51
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occurs has a one to one correspondence to the system under consideration,
In this case, the distortion due to the nonlinearity is a directly measured

part of the image réadout problem and not an unknown perturbation.

EYE RESPONSE RESEARCH

Objective: To examine the response of the eye as an optical device, such

that observations are free from inference.

- Background: One of the primary considerations in image analysis is the

applicability of straightforward analytical methods. Thus, while the analy-
sis may not produce tractable results, one can at least write down a solu-
tion, Such solutions are important only if the response of the eye can be
described. If partial coherence produces a non-linear result in the trans-
illuminated case and the response of the eye is linear then the result is a
closed solution. If the eye does not respond in a linear fashion but produces
results‘highly signal dependent, then one at present cannot assess the

meaning of the failure of linear theory in the optical analysis.

Specific Objectives: 1. Determine the conditions under which the eye can
be-treated as a linear optical mechanism. Such experimentation must be

performed in a way that precludes inference. The technique must be adapt-

- able to change in the condition of illumination.

2. Determine the 'app‘licability of Fechner's law on a
small scale. This experiment is difficult to conceive since one is interested

in the small aperture case free from surround.
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